This paper investigates the preferences of homeowners in Germany regarding the adoption of renewable energy-based micro-generation technologies using data from a survey with a discrete choice experiment. In the German policy debate, private households, in their possible joint roles as electricity producers and consumers, are discussed as potential key actors for the transition of the energy system towards a decentralized energy market based on renewable energies. In our study, we address the relevance of investment and usage characteristics as well as the perceived importance of both private and social costs and benefits behind prosumer preferences for the adoption of generic electricity micro-generation technologies. The empirical investigation is based on a conditional logit model. The results show the perceived usefulness of electricity self-supply, indicating that the motivation for electricity "prosuming" is about more than just using green electricity and undertaking a profitable (energy) investment. Policy makers should not rely on the intrinsic motivation of households to contribute towards climate protection but instead take social effects more strongly into account in their policies which aim to foster the energy system transition ("Energiewende"). Further, both energy policies and business models should avoid the introduction of overly complex measures which might be too demanding on households.
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Introduction
The term "prosumer" (pro-ducer and con-sumer) of energy or electricity is often used in the German debate to describe the new role of private households in the future (decentralized) energy market. Despite its investigation over several decades in academic circles (cf. Toffler 1980) , the role of energy prosumer households is constantly evolving due to technological advancements in related products, services, and business opportunities as well as the consequent behavioral responses (e.g. the demand for own residential energy generation, selfconsumption, and green electricity). The role of residential energy generation has evolved particularly dynamically over the last decade due to the market diffusion of micro-generation technologies (MGT) for producing and storing electricity and heat. However, the diffusion process of electricity generation based on renewable energy sources (RES) in general, and residential MGT in particular, relies heavily on government incentive schemes in the form of feed-in-tariff regulation, rebates and other forms of subsidies. However, these have faced declining political support in recent years (cf. EPIA, 2014 and Grösche and Schröder, 2011) . In Germany, where the government has set ambitious goals 2 for an energy turnaround ("Energiewende") by means of a nuclear phase-out, the increasing of the share of RES, and the reduction of greenhouse gas (GHG) emissions and energy consumption, the adoption of MGT is especially encouraged by the Renewable Energy Sources Act (EEG), which came into force in 2000 with guaranteed feed-in tariffs, preferential dispatch, and connection requirement. 3 To our knowledge, no official statistics are available on residential prosumer households' electricity supply and self-consumption; the following figures give a rough outline of today's relevance of private households and MGT on the German electricity market. Private households account for about 23% of electricity consumption (137 and 138.4 billion kWh in 2012 and 2013, respectively) . 4 Individual owners account for about 25% (18 MW, in 2012) of RES generation capacity (= 73 MW, in 2012) and provide about 46% (15 MW, in 2012) of the capacity via photovoltaic (PV) systems. According to the asset data of the electrical grid operators in Germany (for 2013, see table 1) about 54.5% account for MGT systems (≤10 kWp) among the number of installed RES generation systems. Of these almost 800,000 renewable energy-based MGT systems are 99.7% solar systems. These shares are relatively stable across the four grid providers, with only Tennet having a notably lower share of MGT systems (49.6%). In the data sample collected for our investigation, and which we consider to be roughly representative of homeowners in Germany, 16% of the respondents' state that they have their own energy 3 generation system. The majority of these households have installed a PV system (84%). Significantly fewer owners of an MGT system have installed biogas (8%), wind (7%), geothermal (6%), or micro-CHP (combined heat and power) electricity generation systems, and 2% state that they have an emergency generator based on gasoline or diesel. Summaries of our sample's socio-demographics, housing characteristics, and energy and financial matters are given in the appendix. 6 Bardt et al. (2014) estimate that in the time period 2008 to 2012, electricity self-supply in the German residential sector (prosumer households) rose from 0.0% to 1.3%. The simulation study by Bardt et al. (2014) is based on EEG remuneration for PV systems, which seems reasonable in light of the high share of PV systems in MGT systems. However, until 2012 the price structure of 5 M stands for MGT systems (10 kWp and smaller). Only entries up to 2013 were considered, because data for 2014 were not available for all grid operators. The colors in table 1 indicate the reference values, so the shares in the first column (on technology type) refer to all entries (green), while the shares in the second column only refer to MGT systems smaller than or equal to 10 kWp (orange). TransnetBW is located mainly in the south-west of Germany, 50Hertz in the east and in Hamburg, Tennet in the north-west, central, and south-east, and Amprion is located in the west and a part in the central south. 6 Note that in April 2012 the feed-in tariff scheme changed. Since then, the tariffs are set to decrease monthly instead of annually. The exact development of energy prices is more complex, volatile, and heterogeneous, and depends on several factors including generation, transport, and other supply costs, electricity tax, VAT, and apportionment costs (e.g. under the EEG and the CHP Acts). electricity had not incentivized prosumer households to consume self-generated electricity, 7 because the price of electricity from the grid was lower than the guaranteed feed-in tariffs (see figure 1 ). Therefore, residential self-consumption was economically irrelevant due to prohibitively high opportunity costs. This price-relation only reversed in 2012 when the guaranteed feed-in tariffs for new MGT systems fell below the average electricity price. With decreasing feed-in tariffs incorporated in the EEG and the previously discussed declining public support for RES subsidies, it seems unlikely that feed-in tariffs will exceed electricity prices again in the near future.
In order to evaluate the potential of energy prosumer households for the transition process of the energy system and the future energy market, we conduct an empirical investigation among homeowners in Germany 8 that is based on a large-scale (N=1,030), nationwide online survey with a discrete choice experiment pursued in Choice experiments are an attribute-based stated preference method used in various research areas, including energy and environmental economics (see e.g. Hoyos (2010) or Hanley, Mourato, and Wright (2001) ).
The objective of our study is to provide empirical insights on homeowners' preferences regarding their adoption and usage of MGT. Therefore, we analyze the perceived importance of both individually and socially underlying benefits and costs of MGT. Technology-wise, we focus on electricity generation with MGT, in particular on the degree of electricity self-supply in which the joint roles of prosumer households as electricity producers and consumers manifests itself. Thereby, we regard generic MGT systems and focus on the underlying characteristics of MGT (e.g. degree of electricity self-supply, net electricity costs, and environmental benefits).
The paper proceeds as follows. Section 2 discusses the methodology and research approach, including the empirical model in the form of a conditional logit (CL) model and the attributes. Section 3 reports the results mainly for the overall group and to a limited extent for groupspecific differentiation relevant to extend a macroeconomic energy model simulating the residential sector. Section 4 concludes and formulates the main policy recommendations. 5
Methodology and Research Approach
Discrete choice experiment on micro-generation technologies
In order to elicit homeowners' preferences concerning MGT, we conducted a discrete choice experiment as part of a nationwide online survey distributed in November 2014 among homeowners in Germany (N = 1,030). Choice experiments are an attribute-based stated preference elicitation method that relates to the random utility theory by Thurstone (1927) for its derivation of choice probabilities and the assumption of utility-maximizing behavior by the decision maker (see e.g. Train, 2010) . Choice experiments can take inter-linked behaviors into account and are consistent with economic demand theory. 9 The advantages of choice experiments to analyze preferences are that the researcher has full information about the chosen and non-chosen alternatives, can vary attribute levels independently, and is able to elicit WTP measures for non-market goods, including potential future technologies and market frameworks. Therefore, choice experiments overcome possible drawbacks of revealed preference data (cf. Louviere, Hensher and Swait, 2000) . With the choice experiment approach we are able to study a household's valuation of underlying characteristics of MGT systems, including relevant characteristics of future technologies, business models, and market regulations (e.g. storage technology and high degrees of electricity self-supply, local energy auctions or clusters of private households, and no governmental support).
The question about the external validity of choice experiments, meaning the extent to which these hypothetical statements of respondents are good predictors of field behavior, cannot be answered in this study. However, Carlsson and Martinsson (2001) provide some evidence on this matter by testing for "both external and internal validity of a choice experiment with donations to environmental projects". They conclude that overall choice experiments seem to be a valid method for eliciting individuals' preferences for public goods. Related to the internal validity of choice experiment results are problems of strategic behavior, inconsistencies of respondents' answers (e.g. due to learning effects), risk of compliance bias 10 , as well as framing, choice set complexity, and respondents' (lack of) understanding of the task.
The challenge in designing the choice experiment to elicit prosumer preferences is the complexity of the adoption decision on MGT. Adopting an MGT is unlikely to be a repeated choice decision in contrast to a daily occurring choice situation, as for example selecting a mode of transport or purchasing food. This results in a lack of information and awareness of product characteristics of MGT. In addition, the adoption decision comprises -from a household perspective -both the investment (acquisition) and usage of the MGT, which multiplies the number of possible attributes to be considered. In other words, the household usually has to 6 make both an investment decision and a consumption decision on the electricity supply mix. At the same time, the appropriate number of attributes to describe the alternatives in a choice experiment is limited. Carlsson and Martinsson (2008b) point out that the number of attributes has a detrimental effect on the ability to choose among alternatives. Also, an adoption decision of an MGT will usually not be taken within a few minutes (unlike in the survey), but rather over a longer period. In order to address this challenge, we extensively discussed the selection of relevant attributes of interest in expert discussion rounds with representatives from utility providers, governmental agencies, the consumer advice center, as well as with researchers who employ energy economic models to simulate the residential sector. In the accompanying survey, we also inquire the importance of other relevant attributes not considered in the choice experiment.
Study focus
We use homeowners as a survey group, and technology-wise we focus on electricity generation with generic MGT. The focus on homeowners seems natural for a study on the adoption decision of MGT, because homeowners are able to actually undertake the adoption decision and use the self-produced electricity in their own households. Compared to tenants, there is no landlord-tenant (principal-agent) problem regarding incentives for energy consumption and investment 11 , or other legal problems, and also house-type limitations are less likely.
Homeowners are a common survey group in choice experiment studies and other stated preference approaches on MGT and similar household energy contexts, see for example Achtnicht (2011) , Scarpa and Willis (2010) , Claudy, Michelsen and O'Driscoll (2011) , Mahapatra and Gustavsson (2008) , or Sopha et al. (2010) , even though these studies predominantly focus on heating. employ a regional economic evaluation on installed MGT systems in Germany and conclude that home-ownership constitutes an important precondition for households to adopt MGT. In a country like Germany, which is well known for its low home-ownership rate of 43%, (cf. Lerbs and , this low rate is an important factor to consider when evaluating the potential and limitations of prosumer households.
With regard to generic MGT, we focus on the underlying characteristics of those technologies that should be abstracted from today's political incentive schemes, technology limitations, and specific attitudes towards certain technology types (solar, biomass, etc.) . Specific political incentive schemes are likely to be valid only for a short time, as the frequency in Germany of amendments to the EEG in 2004, 2008, 2011, 2012, and 2014 with accompanying policy discussions and expectations indicate. Likewise, the relative cost structure of technology types can quickly change through innovations, and even attitudes towards certain technology types may change in the short term. A prominent example is the impact of the 2011 accident in Fukushima on the acceptance of nuclear power (cf. Siegrist and Visschers, 2013) . Therefore, it 7 seems useful to focus in our empirical investigation on preferences for underlying characteristics of MGT. The idea is that the results on underlying characteristics should have higher universal validity and time stability, compared to results on some specific technology and policy characteristics, within the limitations of a one-time survey. In particular the attribute "degree of electricity self-supply" has a crucial role, in which the joint role of prosumer households as electricity producers and consumers manifests itself.
Choice task structure and attributes
In each choice task, respondents can choose between two alternatives and "neither". The "neither" option is considered to enable respondents to state that there would be no adoption of an MGT system in such a choice situation. It could also be labeled as "none" or "status-quo" option and is an obvious element of choice in the adoption decision concerning MGT systems. 12 However, such "neither" options should be omitted in choice decisions on basic household equipment, as for example the choice of the primary heating system in Scarpa and Willis (2010) . In each question, the two options for electricity MGT systems were described by a bundle of relevant attributes affecting the adoption decision. The respondents -who are individualsanswer representatively for the rest of their household as the decision-maker on energy matters.
We control for the effect of the choice set complexity by randomly assigning respondents to two different treatments. Respondents assigned to treatment A (N = 499) had to choose in fifteen "complex" choice tasks between generation devices described by both investment and usage attributes. Treatment A takes the characteristic of the adoption decision on MGT into account that for private households it is normally both an investment and usage decision. In treatment A, the choice tasks are described by seven attributes. In treatment B (N = 531) the respondents first had to choose ten times between MGT systems described by a reduced choice set with emphasis on the usage character (B1, four attributes), and in the second step the respondent had to choose fourteen times between systems whose description focus is on investment characteristics (B2, six attributes). With the two treatments, we can obtain some evidence on the effect that the choice task complexity has on the selection. Additionally, in the accompanying survey, we asked for comprehensibility, importance, and unimportance, as we were searching for different perceptions between the two treatments. Table 1 provides an overview of the attributes considered in the choice experiment, their levels and main decision sphere (usage vs. investment, individual vs. social benefits), as well as the treatment group (A or B1/B2), with which we control for choice set complexity. Note that the selected attributes for a choice experiment should be relevant in the respondent's decision process, substitutable with each other, independent in their utility, modest in number, and realistic in the specification of attribute levels (at least within the given scenario). With our focus on the future potential of MGT, we consider also very high degrees of electricity selfsupply, although they cannot be achieved yet at given (reasonable) costs with today's standard of technology. 
Degree of electricity self-supply
Proportion of the used electricity that can be produced with the installed system throughout the year and does not need to be purchased from the grid. The degree of self-supply can be increased in particular through installing a storage device and/or advanced energy management measures. 0, 20, 50, 80, 100% (none, low, middle, high, self-provider)
A B1 B2
Social CO 2 reduction (contribution to climate protection)
Based on the CO2 emission of the current electricity procurement. With the system, CO2 emissions can be reduced that are related to electricity. Through the feed-in of renewable electricity into the grid, the CO2 emission can be reduced by more than 100%.
Social Impacts
Assessment of other social impacts, e.g. if through distributional effect the electricity costs for other private households increase/decrease. 
Initial investment costs
Including public or private investment subsidies
Payback period
Number of years after which the acquisition will turn out to be profitable
Investment risks (loss probability)
Expert assessment of the investment risks in three categories:
(1) Speculative investments with high risk (10.0%): with deteriorating markets, losses are likely (as with stocks) (2) Investments with medium risks (1.0%): with deteriorating markets, revenues losses are likely, and losses are possible but highly unlikely (as with low-risk financial assets) (3) Safe investments with low risks (0.1%): where revenue losses and risk of loss are negligible in the long term, e.g. due to government guarantees. 5,000 10,000 20,000 Euros 5, 10, 20 years High, middle, low (10%, 1.0%, 0.1%)
A B2
To describe our experimental design in comparison to the related literature, we provide a summary of selected related choice experiment studies in table 5. Further, we refer to Balcombe, Rigby and Azapagic (2013) : In their comprehensive literature review (predominantly on studies for the UK), they assign motivation and adoption barriers to five categories: (i) financial, (ii) environmental, (iii) security of supply, (iv) uncertainty and trust, and (v) inconvenience and impact of residence. 
Customers who have experienced more serious outages in the past tend to show a higher WTP to reduce the outage frequency. Highly-educated respondents, those who state a great concern for the greenhouse gases (GHG) emissions, and those who carry out energy saving actions exhibit a larger WTP for RES. (p. 953). Rural and urban households are shown to have different preferences (which are dependent on the type of RES technology and on the scale of project under consideration). (p. 616). Income groups do not differ in their preferences RES. General support for the expansion of RES projects, in spite of the existence of heterogeneous preferences with regard to the potential costs and benefits of these projects. (p. 624). Significant importance is assigned to impacts on wildlife and avoidance of high impact on landscape. Increases in prices reduce consumer utility.
Policy plans on the deployment of RE projects Impact on landscape; impact on wildlife impact; impacts on air pollution, jobs, electricity price, (p.619 in 2008 & p. 1008 in 2006) . Scotland, Sept. 2003; 547 survey of general public (pp. 509, 621) . Random parameter logit model (p.620), conditional logit models (p.1004) Banfi et al. (2008) 15 & Farsi (2010) Benefits of the energy-saving attributes are significantly valued by the consumers (incl. both individual energy savings and environmental benefits as well as comfort benefits, i.e., thermal comfort, air quality, and noise protection). Banfi et al. 2008, p.503 . Results reject the risk-neutrality hypothesis. Risk considerations remain a central issue in dealing with energy efficiency in residential buildings. Farsi 2010, (p. 3087) .
Energy saving measures
Windows (e.g. enhanced insulation); façade; ventilation; price, (p. 506).
Switzerland, Summer 2003 163 apartment tenants and 142 house owners (p. 503, 509).
Binomial logit model with individual fixed effects (p.505). Borchers et al. (2007) Positive WTP for green energy electricity. Individuals have a preference for solar over a generic green energy source and wind. Biomass and farm methane least preferred sources. (p. 3327).
Green energy electricity programs
Source (wind, solar, biomass, farm methane, generic), quantity (% green energy), cost (add. cost on monthly electric bill), (p.3329).
Apr./May 2006. 128 surveys, with individuals who were renewing drivers´ licenses in Delaware, USA (pp.3328ff).
Nested logit model (p.3328).
Carlsson/ Martinsson (2008a)
The marginal WTP to avoid outages increases with the duration, and is higher if they occur during weekends and winter months. Significant unobserved heterogeneity in some of the outage attributes. Given that households have negative welfare effects from outages, it is important that policy makers consider these negative impacts on household utility when regulating the electricity market. (p. 1232).
Alternatives of unplanned power outages 7 attributes that display number, duration and weekday of outages and the connection fee.
Sweden, 2004. 1200 sent surveys (473 returned, 425 available for the analyses) (p.1238).
Random parameter logit model (p.1232)
Lizin et al. (2012) Measures point towards organic PV (OPV) being able to reach considerable market share in the long run, bearing in mind that efforts are first needed to elevate OPVs. Efficiency and lifetime determine most consumers' preferences. Price is found to be the least important product characteristic for OPV solar cells to be incorporated in consumer electronics devices. We therefore warn against generalizing attributes' importance across the boundaries of market segments. (p. 1).
Generic consumer electronics with solar cells as power source
Price, efficiency, lifetime, esthetics, integratability (p.4).
Flemish Region, Belgium, 2011, 300 individuals (train-travelers) (pp. 1,5).
Multinominal model (MNL) (p.5).
Lüthi/ Wüstenhagen (2012) Risk does matter in PV policy design, and a "price tag" can be attached to specific policy risks, such as the duration of administrative processes or uncertainty induced by an approaching capacity cap. (p. 1001).
Policy frameworks for PV investments
Level of FIT, duration of FIT, existence of a cap, duration of the administrative process, and policy instability, (p.1003).
European PV project developers, by 63 investors, Oct./Nov. 2008 (p. 1005 ).
HB estimation model (p.1004).
Longo et al. (2008) Respondents are in favor of a policy for RES. Consumers are willing to pay a higher price for electricity in order to internalize the external costs (energy security, climate change, and air pollution) caused by the production of electricity. (p. 140).
Policies for RES
Annual percentage reduction GHG; length of shortages of energy supply;no. of persons employed in the energy sector; electricity bill, (p.143).
Bath, England, July/Aug. 2005 300 respondents (in central areas, e.g. shopping malls) (p.144).
Conditional logit model (p.146). (2010): WTP for RES:
Scarpa/Willis
RES is significantly valued by households; this value is not sufficiently large for the vast majority of households to cover the higher capital costs of micro-generation energy technologies, and in relation of annual savings in energy running costs" (p.135). Results suggest that the government will have to give substantially larger grants than those currently available (in 2009) if it is to induce significantly more households to install MGT; or conversely the price of the technologies will have to fall substantially. (p.135).
Primary heating systems & labeled MGT
Source labeled: wind, solar, biomass, farm methane & thermal, heat pumps, pellet stoves), quantity (% monthly electrical usage) ~ "electricity self-supply" (=); capital cost(=); energy bill (=); maintenance cost (-), recommendation (-), contract length (-), inconvenience of the system (-), (p.132).
UK (England, Wales, and Scotland), 2007 (p.133). 1,241 households, (p.133f).
Multinominal logit estimates (p.133).
Present study on prosumer preferences
The perceived usefulness of electricity self-supply with all other conditions being equal indicates that prosuming is about more than just a profitable (energy) investment and using green electricity. Policy makers should not rely on intrinsic motivation of households to contribute towards climate protection and should take other social effects more strongly into account in their policies on the energy transition. Market regulation (incl. support schemes) and business models should avoid overly complex measures which might be too demanding on households.
Generic elect.
MGT systems
Source unlabeled, electricity self-supply, CO2 reduction, assessment of other social impacts, net electricity costs, Initial investment costs, payback period, investment risk (loss probability). In our study, we are particularly interested in the role that the degree of electricity self-supply has for the adoption decision of private households on MGT systems. The attribute "electricity self-supply" is embedded in a choice experiment, in which we model several trade-offs between individual and social costs/benefits of adopting an MGT (see table 2 ). We consider "electricity self-supply" and financial attributes ("net electricity costs", "initial investment costs", "payback period", and "investment risk") to be individual costs/benefits. Further, we evaluate two forms of social features relevant for the adoption decision of MGT: for environmental benefits we consider "CO 2 reduction" as a contribution to climate protection and, as a trade-off, we consider the assessment of other social impacts. By including two forms of social benefits/costs, respondents have to evaluate a trade-off between social features, in addition to the common trade-offs in choice experiment studies between individual and social features. "Electricity selfsupply" and the social features are considered to be relevant for both the investment and the usage decisions. Of the financial attributes, we consider the calculative "net electricity costs" to be more related to the usage decision (electricity supply), while "investment risk", expected "payback period", and "initial investment costs" are more related to the investment decision.
Although an unambiguous assignment of these attributes to each decision sphere is neither possible nor necessary, the assignment to each decision sphere (individual vs. social, and usage vs. investment) is used here to illustrate the considered trade-offs before the attributes are discussed in more detail hereafter.
The "degree of electricity self-supply" is the proportion of the consumed electricity that could be produced by the household with the shown MGT system throughout the year. The difference between the consumed electricity and self-supplied electricity needs to be purchased from the grid. It can be increased through installation of storage and/or the application of advanced energy management measures. Storages could have a beneficial effect beyond the individual increase of electricity self-supply, e.g., for stabilizing the power grid by providing the necessary flexibilization of energy supply based on renewable sources, and enabling new business models and market forms, cf. . However, (de-)stabilizing the local public grid by the MGT system is assumed to be an externality, depicted in the attribute "social impacts". The "degree of electricity self-supply" reflects the joint roles of prosumer households as electricity producers and consumers. It can hardly be assigned in the classification by Balcombe et al. (2013) and, to the best of our knowledge, there is no comparable choice experiment study that regards this "prosuming" attribute. It might be partly related to the share of electricity supplied with RES in Amador et al. (2013) or Borchers et al. (2007) . Our hypothesis is that households have a higher preference for MGT that enable them to obtain a higher degree of electricity self-supply, other things being equal. The preference for a higher degree of electricity self-supply may also be interpreted as a preference for consuming self-generated electricity instead of electricity provided by others, although the electricity itself is equally useful. Of particular interest is the attribute level of 100% electricity self-supply, which is shown to 11 respondents with the label "self-provider". 100% electricity self-supply constitutes one condition for household energy autarky. Note that with today's standard of technology, such a high degree of electricity self-supply cannot be achieved yet at reasonable costs. However, given our focus on the future potential of MGT, it is of interest to know if there might be a potential demand.
Environmental benefits appear to be a significant motivation for installing MGT systems, but there is doubt as to whether consumers are willing to pay extra for it, cf. Balcombe et al. (2013) . In contrast, results by Longo et al. (2008) "suggest that consumers are willing to pay a higher price for electricity in order to internalize the external costs in terms of energy security, climate change and air pollution caused by the production of electricity". Likewise, Zhai and Williams (2012) find evidence that environmental concerns play an important role for the consumer acceptance of PV besides costs. Leenheer, de Nooij, and Sheikh (2011) even find that environmental concerns are the most important driver for the intention to generate one's own power. Achtnicht (2011) finds that environmental benefits have a significant impact on the choice of a heating system, but not in terms of insulation choice. These contrary findings on the role of environmental benefits in the literature might to some extent be explained by the year and location of the survey, the regarded good or service, and the evaluation methodology. Note at this point the observation by Longo et al. (2008) that "studies that employ the WTP methodology and use a demand curve approach, find estimates for the values of CO 2 emissions much higher than those based on the damage cost method". On the related topic of electricity supply, Grösche and Schröder (2011) argue that "albeit people's WTP for a certain fuel mix in electricity generation is positively correlated to the renewable fuel share, our results imply that the current surcharge effectively exhausts the financial scope for subsidizing renewable fuels." An argumentation that we hypothesize also applies to environmental effects. Our choice experiment approach can be characterized as a demand curve approach and is similar to the attribute "annual reduction of GHG emission" in Achtnicht (2011) . We assume that attributes reflecting the share of RES in the electricity mix and environmental benefits are, in the context of adopting MGT, largely interchangeable. Therefore, the share of RES on the consumed electricity mix was not explicitly considered in our choice experiment. 16 The attribute of "social impacts" is the second social feature, illustrated to respondents by the example of distributional effects that can result in increasing (decreasing) electricity costs for other private households. Critical factors for these financially illustrated social impacts are certainly the side-effects of governmental support schemes and the stabilizing (or destabilizing) impact on the power grid. The primary use of "social impacts" is to model a tradeoff with environmental benefits and thereby take the policy debate on eroding solidarity of energy prosumer households and distributional effects of the energy transition into account. The 12 attribute is described in the survey as an assessment of "other social impacts" and can be positive, neutral, or negative. However, it cannot be completely ruled out that respondents may have understood the attribute to incorporate impacts of various other social impacts. These other forms of social impacts range from employment effects (Bergmann et al. 2006) , over neighbor concerns (Claudy et al. 2011 , who also refer to it as "social risk"), to the protection of wildlife (Ku and Yoo, 2010) and landscape (Bergmann et al. 2006, Hanley, Wright and Adamowicz 1998) . The protection of wildlife and landscape may also be classified as local environmental effects (in contrast to globally effective CO 2 emissions). What all these factors have in common is that they illustrate some kind of externality (in addition to the explicitly mentioned global environmental effect as "CO 2 reduction"), but they are more specific in comparison to our generalized, and financially illustrated, other social impacts.
While "electricity self-supply" and the two social features are included in all treatment groups, the considered financial attributes differ between treatments. In treatment groups A and B1 "net electricity costs" are used as a proxy attribute for the usage of the MGT system, summarizing the overall calculative electricity costs of the household per time period. 17 "Net electricity costs" were equal to 60, 80, 100 and 120% of the stated household electricity costs. The net costs are assumed to result from total costs divided by the expected lifetime of the system, plus periodical procurement costs and minus periodical potential revenues. Total costs cover investment, operating, and financing costs, and taxes. Electricity procurement costs are associated with consumed electricity provided by the public grid and revenues that arise from electricity feed-in and other savings associated with the MGT system. The definition of the net cost-benefit variable "net electricity costs" is similar to many periodical cost attributes in the related literature, in particular the "energy-saving potential at current prices" in Achtnicht (2011) and the "energy bill per month (year)" on primary heating in Scarpa and Willis (2010) . However, in our case, the levels for the attribute on periodically electricity costs include cost savings (60 and 80%), the status quo (100%), and increasing costs (120%). Respondents were shown both relative cost changes in percentages and in absolute values for the new bill in Euros. 18 In treatment groups A and B2 we regard the investment features of the adoption decision in more detail. Therefore, we consider "initial investment costs", "payback period", and an expert assessment on "investment risk". For the "initial investment costs" (including one-time public or private funding), we consider the levels of 5,000, 10,000, and 20,000 Euros. The attribute is labeled "capital costs" in Scarpa and Willis (2010) , "acquisition costs" in Achtnicht (2011) , and "selling price" in Lizin et al. (2012) , although the content covers essentially the same. The "payback period" displays the number of years after which the acquisition will turn out to be profitable, an attribute similarly used in Achtnicht (2011) . The expert assessment on "investment risks" can take on three values with a loss probability given in brackets. First, speculative investments with high risk (10.0%), where in deteriorating market conditions losses are likely (as with stocks). Second, investments with medium risks (1.0%), where with deteriorating market conditions revenue losses are likely and overall losses are possible, but assumed to be highly unlikely (comparable to low-risk financial assets). Third, investments with low risk (0.1%), for which revenue losses and the risk of overall losses are negligible in the long term, e.g. due to government guarantees. The perceived "investment risk", besides "investment costs" and "payback period", is a central factor in any investment decision, but usually neglected in choice experiment studies. Farsi (2010) proposes a methodological framework to assess risk-averse behavior towards energy-efficient technologies that might be partly transferrable to the case of MGT. Farsi (2010) refers to theoretical literature that highlights the importance of risk and uncertainty in investment and consumption decisions regarding environmental commodities (e.g. Howard 2009 , Newell and Pizer 2003 , Gollier 2002 . The role of risk for the adoption of MGT systems may also be illustrated by the fact that so far the EEG tariff scheme in Germany, with its guaranteed feed-in tariffs, essentially eliminated investment risks (on the revenue side). The investment risk comprises policy risks on the investment, as analyzed in Lüthi and Wüstenhagen (2012) with a choice experiment among European PV project developers. They find that risk does matter, and that adopters are likely to attach a "price tag" to specific policy risks. We hypothesize that private households in general possess a lower WTP for risky investments.
Note that the three economic variables "investment costs", "net electricity costs", and "payback period" cannot necessarily be added up in a steady-state calculation. While the "net electricity costs" are based on current energy prices, the "payback period" includes expected energy price developments. A similar approach was adopted in Achtnicht (2011) . Respondents were given this information in the introduction to the experiment. While "investment costs", "net electricity costs", "payback period", and "CO 2 reduction" are relatively common attributes in choice experiment studies, the "degree of electricity self-supply", the "investment risks", and "social impacts" are rather unique attributes of our choice experiment study (cf. table 2). The "degree of electricity self-supply" is in the focus of this study, while the "investment risk" and "social impacts" are proxies for more complex, yet highly relevant, factors for the adoption decision of MGT, which are often neglected in the related literature.
To gain at least a basic understanding on the importance of attributes not considered in our choice experiment, we asked the respondents (after completion of the choice experiment) to state which other attributes would have been important for their decision (multiple selections possible). The most frequently selected options, which more than one in three respondents stated, are warranty period (52%), expected operating life (52%), space requirements (44%), public and/or private funding (39%), ownership structure (34%), and minimum contract period 14 (33%). In the appendix, table A8 gives an overview of the stated importance and related literature that regards those characteristics that are not considered in our choice experiment.
Empirical model
For our empirical investigation of the choice data, we estimated the conditional logit model, which is a probabilistic choice model related to the random utility theory by Thurstone (1927 ), cf. McFadden (1974 , Wooldridge (2010, p. 646ff) , and Aizaki and Nishimura (2008) . 19 The idea behind these models of choice data is to estimate a predictor function based on a set of importance weights that are associated with the explanatory variables (attributes of the discrete choice experiment, DCE).
In our model specification, the household's utility level from each MGT system is explained by the attribute levels. However, since utility levels are unobservable for the hypothetical generation system in the choice experiment (like, indeed, for real-life adoption decisions), the actually observed choices (y) in the experiments are used as a proxy variable of the unobservable utility. Thus, the applied conditional logit model is a binary response model, in which our interest primarily lies in the response or selection probability P(i). The respondent either selects the shown generation system (y=1) or does not select it (y=0), which is explained by a bundle of characteristics (X, the attribute levels). The probability (P) that a respondent will select alternative i = {1,2} from a choice set C with attribute levels k is specified as: To analyze the respondents' valuation of attributes in their adoption decision, we focus on the systematic component of the utility (V), which is assumed to be a linear additive function of the explanatory variables X with the associated vector of coefficients .  reflects the impact of changes in X on the probability of selection. Alternative specific constants for each respondent, or in other words individual fixed effect terms, are included in X to depict the unobservable tastes of respondents (based on the respondent's ID variable). The systematic component of utility for the "neither" option is normalized to zero, meaning that when this option is chosen, the selection variable y is set to zero for both shown alternatives, reflecting a zero value for the systematic component. To capture heterogeneous or group-specific effects on V i,n (e.g. gender, age, income or treatment group) interaction terms of group-membership vectors with the basic explanatory variables X can be included in the model. The vectors for group membership take the value of 1 if respondents belong to the considered group, and 0 otherwise. We estimate the model with a maximum likelihood estimation procedure. 20
Empirical Analysis
Sample
The analysis is based on 1,030 completed interviews from an internet-based survey that is assumed to be largely representative of German homeowners. Sample summaries are provided in tables A1 to A4. The survey was conducted in November 2014. 21 The respondents stated that they live in their dwellings as owners and decide on energy matters for their household (56% on equal terms with their spouse/partner, 44% decide alone). To qualify, respondents had to be able to state their electricity costs. Although adoption decisions on MGT are made for the household as a whole, which is the scenario for the choice task, the choice experiment was answered by individuals. Therefore, notice that obtained preferences and derived WTP are those of individuals, which can differ from those of the households, as discussed in Munro (2009) , among others. . Treatment groups B1 and B2 were answered successively by 531 respondents. First, respondents answered to 10 choice tasks, focusing on the usage decision with 4 attributes (B1). This results in 3,865 tasks and 10,618 observations. In a second step, the respondents answered to 14 additional tasks described by 6 attributes, resulting in 4,688 tasks and 14,868 observations (B2). Respondents should have no ex ante preference for either option A or B, due to the random assignment, which is proven true for our sample. It is notable that for the simplest choice set, B1, which focuses solely on the usage decision, the "neither" option is less frequently chosen. After the choice experiment, we showed respondents randomly one system which they had selected in the experimental choice task and asked them if they would really buy it. The fact that the most frequent response was "maybe" indicates that our choice experiment does capture a basic motivation (a "gut feeling") of private households to adopt MGT systems with certain features, rather than the actual willingness-to-pay (WTP). Therefore, we illustrate our results later in section 3.3 with scenario-based selection properties instead of the marginal WTP for attributes. 22 20 The applied estimation procedure is implemented in R by Therneau (2014) , and based on Gail, Lubin, Rubinstein (1980) . Thereby, we follow the estimation approach described in Aizaki (2012) and Aizaki and Nishimura (2008) 
Estimation results
First, the fixed-parameter conditional logit models, including only attributes coded on an ordinal scale, are estimated for the three treatment groups (A, B1, B2) without group-differentiation, in order to provide basic insights on the observed data. We refer to these models as "basic models", with the empirical specification given in eq. (1). Table 5 reports results on these basic models. Model 1.0 is based on data from treatment group A, model 1.1 on B1, and model 1.2 on B2. Ordinal scaled attributes require fewer assumptions on the functional form, in contrast to using (quasi-) numerical scales. It seems unlikely that respondents grasp the corresponding numerical scale of each attribute in the survey, or even in real world decision-making. Therefore, we consider the ordinal scale to be a more appropriate representation of the respondents' understanding of attribute levels in our choice situation. For details, see Tversky's (1974) theory of choice, showing that scalability in most probabilistic analyses of choice is inadequate on both theoretical and experimental grounds.
The coefficients shown in table 5 indicate the impact, or weight, an attribute level has on the theoretical systematic utility component V, which in turn determines the adoption probability P(i). Negative signs imply that respondents have a lower preference for MGT systems featuring these characteristics. While coefficients for attributes coded on quasi-numerical scales cannot be directly interpreted and compared when they are based on different scales, we can compare in our case, with ordinal coded attributes, the different impacts of characteristics on the preference within the model (but not between). 23 The exponential value of  can be interpreted as the multiplication factor on the adoption probability P(i) similar to odd ratios.
All coefficients on the basic models are shown to be statistically significant at least at the 5% level (*), except for the coefficient of a CO 2 reduction of 50% in model 1.0, which is only statistically significant on the 10% level. The estimated coefficients exhibit the intuitively expected signs, indicating a certain preference for a higher degree of electricity self-supply, higher CO 2 reduction, lower costs, shorter payback period, and avoiding high investment risks and negative social impacts. According to the magnitude of the coefficients, a high degree of electricity self-supply (in our study 80% and more) has the heaviest weight in the estimated utility functions and can thereby be seen as the most important one for the adoption decision (within our modeled choice task). It is followed by the importance on attributes for a sharp decline in net electricity cost (60%), avoiding high investment risks, long payback periods and high initial investment costs. In general, social features are shown to be of less importance for a household adoption decision than individual features. Notice that this does not necessarily mean that households are less environmentally friendly, but it might indicate that respondents perceive the promotion of environmental quality as a public duty rather than as an individual task, as findings by Menges and Traub (2009) corroborate. From all regarded social features, the negative social impacts are given the highest importance (in A, B1), followed by a CO 2 reduction of 200% (highest in B2), and a 100% CO 2 reduction. A CO 2 reduction of 50% and positive social impacts are perceived to be less important by respondents, and the impacts are comparable to the degree of electricity self-supply of 20%. All impacts are evaluated against the respective baseline.
The results indicate a symmetric (linear) pattern for the degree of electricity self-supply and payback period, and approximately for net electricity and investment costs. Only for model 1.1 (focus on usage decision) do the coefficients indicate diminishing marginal returns for reducing net electricity costs and investment costs. We cannot find evidence that a 100% electricity selfsupply, labeled as "self-provider", has a noticeable additional value for households above the linear combination on degrees of partial self-provision (either due to the fact that there is no additional perceived utility for this, or that respondents (correctly) assumed that even 100% self-provision does not imply electricity autarky). The observation that only 10% of respondents assign importance to the attribute "island operation -independence from the grid" in the question on the relevance of other attributes, indicates that a 100% self-supply has no disproportionate additional utility. However, there is also no evidence for diminishing marginal utility for degrees of self-supply. An asymmetric (non-linear) pattern and diminishing marginal utility can be found for attributes of CO 2 reduction, social impacts, and investment risk, which are all more pronounced for treatment B. A closer look at the coefficients for CO 2 reduction shows that up to the level of 100%, the effects could approximately be described as linear (1.0, 1.2). It also indicates, however, that a CO 2 reduction of 200% compared to 100% has little to no additional perceived utility for respondents. In the following estimations, we therefore combine both levels to a level "100% and more" in order to reduce the number of estimation coefficients. The avoidance of negative social impacts and high investment risks have both a disproportionately higher weight on respondent's adoption decision than positive social impacts and low investment risk. The relation between attribute levels of investment risk could also be described with a logarithmic function that is based on the levels of loss probability.
The measures to evaluate the goodness-of-fit of the estimated models (pseudo R², AIC, BIC) indicate a better model fit for the two models based on data of treatment B. Although we can interpret the Pseudo R² as in standard OLS estimation, it is important to note that values tend to be considerably lower due to the binary selection decision. The observed pseudo R² values are in line with the literature. 24 From the results of the basic models (table 4) we derive that the attributes "electricity selfsupply", "net electricity costs", "investment costs", and "payback period" can be approximately modeled on a linear scale. Therefore, we incorporate them in a reduced model with quasinumerical scaled attributes. For this reduced model, we also combine the CO 2 reduction of "100%" and "200%" to one level "100% and more". Table 6 reports the estimation results obtained for the reduced models. These also indicate that the estimations based on treatment B have a better fit. Specifically, the fitness of the reduced models for treatment B is (negligibly) lower than for the basic model, and for treatment A slightly better. Note that the comparisons 24 For example, Scarpa and Willis (2010) obtain for their estimations on primary heating choices pseudo-R²s that range from about 0.12 to 0.14. They refer to Breffle and Rowe (2002) , stating that pseudo-R² of 0.12 is typical for cross-sectional data in this setting. For estimations based on quasi-numerical coded attribute levels, whenever possible and suitable, we obtain comparable but slightly lower goodness-of-fit measures.
across models are still not straightforward since the selection probability also depends on the alternative option. Degree of electricity self-supply in % 0.01 *** (0.001) 0.01 *** (0.001) 0.01 *** (0.001) CO 2 reduction 
Scenario analysis
Next, we build scenarios by calculating the probability that a respondent will select alternative i, P(i). In the following description and discussion, the focus is on the scenario based on the comprehensive model 2.0 (A). In scenario 1, homeowners only decide between adopting an MGT and the status quo. In scenario 2, households decide between four options, an MGT as in scenario 1, an MGT with an eco-friendly electricity tariff, only an eco-friendly electricity tariff, and the status quo. The two scenarios are illustrated in tables 7 and 8 (scenario 2 is only presented for treatment A).
We assume a typical MGT, with an achievable degree of electricity self-supply of 20%, CO 2 reduction of 50% (because with the feed-in of electricity CO 2 , emissions should be reduced beyond self-consumption), negative social impacts (due to distributive income effects of the current EEG regulation discussed before), lower net electricity costs (90%), investment costs of 10,000 Euros, a payback period of 20 years, and a low investment risk (because of the guaranteed feed-in tariff). The alternative represented by the status quo consists of no electricity self-supply, no CO 2 reduction, neutral social impacts, constant electricity costs (100%), no investment costs or payback period, and medium investment risk (in particular with regard to the last decade with the global financial crisis of 2008, and the subsequent European sovereign-debt crisis, in which private energy investments might have been perceived to be less risky than financial investments). Within this scenario, the selection probability to adopt the 20 MGT system is 18%, while for the status quo it is 82%. For scenario 2, we assume additionally that the possibility to combine the adoption of an MGT system with an eco-friendly electricity tariff (MGT Eco-Tariff) is given, and also the option to solely choose an Eco-Tariff. The Eco-Tariff is assumed to have 10% higher net electricity costs and a CO 2 reduction of 100% or more, and is otherwise like the status quo. The MGT Eco-Tariff is assumed to have 6% higher net electricity costs, and a CO 2 reduction of 100% or more and is otherwise identical to the MGT. For scenario 2, the selection probability of an MGT is 17% (9% without Eco-Tariff and 8% with Eco-Tariff). The probability of remaining a consumer household is 84%, 45% with the Eco-Tariff, and 38% without. These selection probabilities are close to the sample distribution of 16% for owners of an MGT system. Only the selection probability of the Eco-Tariff seems to be overestimated in our scenario in comparison to the sample distribution. However, in reality the conditions for MGT should have been better because, as has been discussed previously, within our choice experiment we do capture the basic motivations for adoption decisions. It is likely that, in reality, additional adoption barriers would arise for an actual adoption decision that cannot be implemented in a survey with hypothetical choice decisions.
To illustrate the sensibility of results (without providing tables), we now assume that homeowners may perceive that the adoption of MGT systems has mainly positive social benefits. In this case, the selection probability for the MGT systems increases to 30% in scenario 1 and to 27% (14% without and 13% with Eco-Tariff) in scenario 2, all other attributes being equal. If we take another future scenario, in which the expert assessment of investment risk for MGT changes from "low" to "middle" (with all other attributes as in tables 8 and 9), then the selection probability for MGT in scenario 1 is reduced to 15% and in scenario 2 to 13% (7% and 6%). A change of the risk assessment to "high" would reduce the selection probabilities of MGT to 10% and 15% (6% and 9%). Again, based on the initial scenario assumptions, a scenario of halving the investment costs to €10,000 is associated with increased selection probabilities of MGT in scenario 1 to 29%, compared to 18%, and in scenario 2 to 26% (14% and 13%), compared to (17%).
The examination of heterogeneous (or group-specific) preferences on the adoption of MGT is beyond the scope of this paper, and is left for future research. With regard to the objective to extend energy economics models that simulate the residential sector, we align ourselves exemplarily with the macroeconomic model of Panta Rhei (cf. Lehr, Lutz and Edler, 2012) . Therefore, we test for differences in preferences depending on household size and income. Furthermore, the current ownership of MGT systems (16% in our sample) is of particular interest. We base the analysis of group-specific differences in preferences for the adoption of MGT on the reduced basic model 2.0 with data of the comprehensive treatment A. Estimation results for group-specific preferences (differentiated by ownership of an MGT system, income, and household size) are given in the appendix, table A.11. Based on the initial scenario assumptions illustrated in tables 7 and 8, the selection probabilities of current owners of an MGT system is in scenario 1, with 37% towards 15% of non-owners, and in scenario 2 with 33% towards 13%, considerably larger. The differences between higher-and lower-income households are less pronounced, which are, however, all homeowners (rather than tenants), with a selection probability for MGT ranging from 22% for higher income households to 17% for lower income households in scenario 1. Depending on household size, the selection probability in the given scenario 1 is 25% for 1-person households, 16% for 2-person, 18% for 3-person, 17% for 4-person, and 24% for 5-and more-person households. Controlling for respondents of 22 50 years and older, the selection probability is at 13% markedly lower than for respondents younger than 50 years at 23%.
Conclusion and Policy Implications
Within the German policy debate on the future electricity market design and the realization of the energy transition towards a more decentralized energy market based predominantly on RES, fundamental questions remain unanswered about the potentials and limitations of the future development of energy prosumer households. The goal of our study is to provide policy-makers, industry, and the scientific community with empirical insights on the motivation and preferences of potential prosumer households towards MGT and electricity self-supply.
The combined role of prosumer households as electricity producers and consumers manifests itself in our choice experiment in the attribute degree of electricity self-supply. Households attribute a significant weight in their decision process on adopting MGT towards electricity selfsupply. Respondents show an even stronger preference for the level of electricity self-supply than for the environmental benefits in the hypothetical adoption decision on MGT systems. The results show the perceived usefulness of electricity self-supply and indicate that the motivation for electricity "prosuming" is about more than just using green electricity and undertaking a profitable (energy) investment.
Detached from day-to-day politics with continued discussion on new concepts on subsidies, market regulations (e.g. for the next amendment of the energy laws, in particular the EEG), we focused on the characteristics underlying MGT (e.g. degree of self-supply), assuming that these preferences are more consistent over time. Nevertheless, the observed preferences are only a snapshot of German homeowner's motivations and preferences (as of November, 2014). Effectively, the saying "you pay your money and you take your choice" is true with regard to technology preferences in a market economy. The true WTP of market agents only manifests itself on markets and is not stated in surveys and hypothetical experiments. However, the present analysis, which is based on a choice experiment on underlying benefits of the adoption of MGT systems, can identify initial motivations and preferences of potential future prosumer households. It is important that these are taken into account when forming scenarios about the future electricity market, in particular the residential sector, and the diffusion of MGT. It also provides some valuable insights for starting points of new business models and some guidance for future energy policies.
Based on the results of our choice experiment, we suggest that policy makers should take social effects more strongly into account in their decisions concerning the steering of the energy transition process, due to the importance shown by respondents regarding social impacts, and in particular regarding the avoidance of negative social impacts. To achieve climate targets and other necessary environmental benefits, society cannot rely on the intrinsic motivation alone 23 that households contribute towards these goals, as is indicated by the relatively low importance of environmental effects. This does not necessarily mean that households are not environmentally friendly, but rather that subjects may perceive the promotion of environmental quality to be a public duty rather than an individual task (as the findings by Menges and Traub (2009) suggest as well). Further, both energy policies and business models should avoid the introduction of overly complex measures which might be too demanding on households, as the differences on stated attribute clarity and importance between treatments indicate. This applies, of course, for surveys as well.
The presented study adds to the literature and policy debate on the socio-ecological transition of the energy system by employing data from a choice experiment with a rather unique choice set used to elicit household preferences. On the one hand, the choice experiment focuses on electricity generation with unlabeled MGT. On the other hand it includes some rather unique attributes -e.g. social impacts for a trade-off with environmental aspects, or investment risk. In future research that is independent from the employed data set, different forms of social impacts (e.g. income redistribution, landscape, jobs, grid stability and costs, as well as local and global environmental effects) and group-specific motivations should be differentiated and studied in more detail as well as the existence of possible rebound effects for energy prosumer households. 
